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1 
This invention relates to microscopy and has 
particular reference to interference microscopy. 
Although translucent objects can be studied 
comparatively easily under the usual visual mi- 
croscope, here are obvious difficulties in studying 
objects which are transparent or nearly trans- 
parent. It is usual to stain transparent or like 
objects in order to render them more visibl e, but 
in many cases, however, such a staining tech- 
nique may destroy or markedly alter the object. 
It is an object of the present invention to pro- 
vide a microscope which can be used to study 
unstained transparent or nearly transparent 
objects. 
The principles underlying the present inven- 
tion may be understood by considering two mu- 
tual]y coherent light beams from the saine 
source, in accordance with the usage in the art 
the terre "mutually coherent" is applied herein 
to a plurality of beams having precise accord- 
ance between their luminous vibrations, so that 
if such beams are appropriately superposed, e. g. 
by directing them along substantially coinciden- 
tal paths, the vibrational relationship between 
them is independent of the sequence of random 
vibrational changes in the individual beams and 
visible interference effects may be produced. If 
both beams traverse paths of equal optical 
length, then they will hot produce interference 
effects on being combined. However, if the op- 
tical path length of one beam is different from 
that of the other, interference effects may be 
produced. Such differences in the optical path 
lengths of the two beams may be caused by al- 
lowing the beams to traverse an object to be 
examined in different manners or by making one 
beam traverse the object and the other not. 
These interference effects enable a transparent 
or like object to be examined more easily than 
is possible by the use of the usual form of visual 
microscope. 
This effect is achieved in some measure in the 
well-known phase-contrast microscope in which 
the object is illuminated by a single beam of light 
and interference effects are produced in the 
image plane phase between that part of the beam 
 which passes through the object without devia- 
tion and that portion which bas been diffracted 
by the object. However, it is known that only 
very small refractively differentiated elements 
of the object are capable of generating a beam 
sufliciently diffracted for this purpose, so that 
the phase-contrast method is virtually limited to 
relatively small features of the object. 
The present invention overcomes these limi- 
tations of the phase-contrast microscope by uti- 
lising the interference effects between two dis- 
tinguishable beams of light. 
Thus, according to the present invention, ap- 
paratus for microscopically examining trans- 
parent or like objects comprises a compound mi- 

2 
croscope wherein there are provided means for 
dividing the object illuminating beam of light 
into two distinguishable beams, means for sub- 
sequently directing at least one of said distin- 
7» guishable beams through the object so that the 
optical path lengths of said distinguishable beams 
differ due to the nature of the object and means 
for subsequently combining said distinguishable 
beams so as to produce interference effects. 
 The means ïor dividing the object illuminating 
beam into two beams may be arranged to provide 
beams mutua]ly distinguishable in respect of 
their general directions of propagation or their 
states of dioptric divergence or convergence or 
1. the 2"eometrical forms of their cross-sections or 
with respect to a combination of these properties. 
The objective lens of the microscope or the 
objective lens and condenser lens of the micro- 
scope may be disposed optically between the 
0 beam dividing means and beam combining 
means. 
The beam dividing means may comprise at 
least one birefringent lens and/or double re- 
fracting double image prism and in these 
'25 rangements, means are provided to plane polarise 
the object i]luminating beam of light belote it 
reaches said beam dividing means. 
Similarly at least one birefringent lens and/or 
double refracting double image prism may ïorm 
30 the beam combining means and in these arrange- 
ments means are provided for bringing the re- 
combined beams into paral]el polarized rela- 
tionship. 
Preferably means are provided for adjusting 
35 the relative optical path lengths of said dis- 
tinguishable beams. 
Reflecting means may be arranged in the 
paths of the two divided beams so as to reflect 
the two beams back through the beam dividing 
40 means which thus functions also as the beam 
combining means and in this arrangement, a 
vertical illuminator may be provided comprising 
a partially reflecting surface disposed between 
the beam dividing means and the eye-piece of 
45 the microscope. 
The following is a description of a number of 
embodiments of the invention, reference being 
made to the accompanying drawings in which-- 
Figure 1 is a diagrammatic view of one em- 
5o bodiment, the optical elements being shown in 
conventional manner as a section along the op- 
tical axis of the microscope. " 
Figure 2 is a similar diagrammatic view of a 
second form of the microscope of the present 
55 invention, 
Figure 3 is a diagrammatic view of a beam 
dividing unit which is substantially achromatic 
for both the beams, 
60 Figures 4 and 5 illustrate modifications of the 
microscope shown in Figure 2, and 
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3 
Figures 6, 7, 8, 9 and 10 are diagrammatic 
views of microscopes in which partially reflecting 
surfaces are utilised in the beam dividing means. 
leferring to Figure 1, the microscope includes, 
in the conventional manner, an objective lens 
0 and an achromatic condenser lens l ar- 
ranged on either side of the object supporting 
means which is disposed so that the plane of the 
object is at the position indicated by the dashed 
line 00'. The eye-piece 2 is also of conventional 
construction and there is provided the usual sub- 
stage mirror I1 for directing the ]ight from 
source 4 through the condenser lens . These 
components are shown in a conventional manner 
and it will be appreciated that, for example, the 
condenser and objective normally comprise a 
number of lens components. 
A po!arizing screen 5 i's arranged in the sub- 
stage so that a plane polarized beam of !ight is 
directed towards the condenser lens . imme- 
diately below the condenser is alens  which 
is constructed of birefringent material or mate- 
rials o that .the lens is bi-focaL For example, the 
positive lens element may be ruade from ca}cite 
which has a shorter focal length .for the ordinary 
rays than for the extraordinary rays, the refrac- 
tire index of calcite being in general greater for 
the ordinary than for the extra-ordinary rays. 
Thus, as is shown in the figure, the incident light 
is divided into two beams which, as is well known, 
are polarised in planes ai right angles to one 
another. The condenser lens   brings these two 
beams to separate foci at points spaced apart 
along the opticM axis of the microscope and it 
wfll be noted that one of these foci is in the plane 
00' in wh}ch the object is supported by the stage 
of the microscope. 
A 'second lens Iï, also of birefringent material 
and of opposite dioptric power to lens 0, is dis- 
posed between the objective  0 and the eye-piece 
to combine the wo beans and .bring thym to a 
common foc.us where an image is formed which 
is viewed through the eye-piece, if a .cross- 
section in the Object plane is :considered, it will 
be realised that the light passing this plae com- 
prises an inner beam of one plane of polariza- 
tion, which is brought to a focus on the object 
and an outer beam of a .transverse plane of 
polarization which is hot in focus on this plane 
and which surrounds the inner beam. Thus one 
of the beams passes through th.e object, whilst 
the greater part of the other does not. A's de- 
scribed a.bove, these two beams when corabined 
will produce interference effects at the image 
plane of the «ricros, cope. To ena'ble these beams 
to interfere, their planes of polarization must be 
parallel and an analyser 8 is provided fo enable 
the planes of polarization to be adjusted to paral- 
lel}sm. The interference effects which are pro- 
duced wfll depend on the nature of the path 
through the o,bject being e:mmined and will be 
seen when viewed through the eye-piece coin- 
cident with the image of the obj.ect. 
If the light employed is white light or a mix- 
ture of lights of various wavelengths, the inter- 
ference effects record themse!ves as colour vai- 
ations. If raono,chromatc light is used then the 
interference effects show up as intensity vari- 
àtions. 
Preferably the analyser 8 is ruade rotatsble 
so that .the lmaxim'mm interference contrast can 
be obtained. 
It will 'be appreciated that the cause of inter- 
ference between the tw components of the re- 
combined beams is the dierence in optical path 

lengths of one beam with respect fo the other, 
due t» its having traversed the object. Ideally, 
the op}cal pah lengths of the beams, when they 
reach the eye, viewing screen, or photographic 
» emsion should hot differ by more than a few 
wavc!engths of light. In practice it is normally 
ncessa.ry fo provide an optical path length com- 
pensating means which should preferably permit 
of very fine adjustment so that the »es interfer- 
: ence contrast can be obtained fol- the paricu- 
lar part of the object under examination. The 
.compensating" zqeans may advantageously be cali- 
brated in terres of differences in optical path 
length making the system lnore precisely inform- 
15 ative. For examp!e, a Soleil-abin.et .compensa- 
tor t9 may be introduced ai a suitable point in 
the system, for example, immediately beneath the 
analyser a's shown in the drawing. As an alterna- 
tive f.m:m of compensator, a tilting birefringent 
0 retarding plate compensator 20 could be .used. 
This could be mounted in any .convenient posi- 
tion between .the polariser and analyser, for ex- 
ample, between the polarizing screen lB and the 
beam dividing means I$. 
5 V/hen, as has been described above, the bifocal 
lense's are marie tobe used in addition to exist- 
ing objective and condmeï leses, each bifocal 
lens would consist of two or more elements which 
may e cemented together and which have a 
. mean power for both beams which is very smill. 
For exa'mple, itis recommended that alens to 
be added fo an objective should be of zero power 
for the beam which the condenser has focussed 
in the plane of the object being examined. The 
z5 precise amount of bi-focal dioptric power em- 
ployed cannot be laid down but for the objective 
the difference between the dioptric power for one 
eam and that for the other may well be in the 
region of plus or minus three diopters. Once 
i0 the bifocal power of the objective's bi-focal lens 
has been decided upon, that for the condenser 
lens can readily be computed for any part}cular 
combination of objective and condenser from the 
ratio of the dioptric powers of each such pair 
45 by the well known formulae relating to the geo- 
metrical optics of lenses. As a close approxi- 
'mation if may 'be taken that the ratio of the 
dioptric bi-focal powers of the condenser's .bi- 
focal lens to the dioptric power of the condense1' 
,0 should be equal to the corresponding ratio for 
the objective and if bi-focal lens. In its sim- 
plest form, each bifocal lens would consit of a 
positive and negative lens element, one ruade from 
«calcite and the other from glass, the latter be- 
5 ing designed fo correct the chromati,c aberra- 
tion of the calcite element for one of the tvo 
beams, for eample, the beam formed by the 
ordinary rays. It will be appreciated that this 
correction for dispersion is only necessary for 
one ibeam if the object tobe exmined is always 
viewed in that beam. 
In the case of low and medium power objec- 
tives, the birefringent lens may be mounted in 
a sleeve by means of which it can be slid into the 
usual mounting of the objective. In this way 
a single lens unit would suiïice or ai least two 
objectives, although the corresponding condenser 
lens would have fo be changed unless the power 
of the condenser would be correspondinglF 
changed by adding or subtracting lens compo- 
nents forming part of the condenser lens train. 
Preferably, the birefringent lenses are located as 
near as possible fo the back ocal planes o the 
objective and condenser with which they are 
associated, and should, in any case, be mutually 
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ConJugate. In the case of the higher powers, 
this means that they may bave to be fitted be- 
tween two lens elements of the condenser and/or 
of the objective. It may be round advantageous 
to make spocial condensers and objectives fitted 
with these additional birefringent lenses and, 
these lenses may hot be additional but, in fact, 
form an essential part of the lens train. For 
this purpose, quartz may be a more convenient 
material than calcite in spite of ifs comparatively 
.ow birefringence owing to the fact that its 
indices of refraction are nearer to those of the 
glasses commonly used in most objectives and 
condensers. 
Although this instrument bas been described 
a hvlngan eye-piece |2, if is readily apparent 
fo all those sldlled in the art that if or any of 
the other microscopes tobe described hereinafter 
may be modfied to provide a viewing screen or be 
adapted for photography. 
Instead of using birefringent lenses, it is 
possible to use double refracting, double image 
prsms, as illustrated in lgure 9.. In this micro- 
scope, the objective |), condenser |, eye-piece 
|2, mirror |3, light souroe |4 and polarizing 
screen |5 are arranged as before. Between the 
condenser and mirror is disposed a double re- 
fracting double image prism for example, a 
Wollasten prism, which divides the incident 
beam of light into two mutually divergent beams 
which are polarized in planes at right angles 
to one another. As is clearly seen in the figure, 
these two beams are brought to foci at points 
2|, 22 spaced apart in a plane transverse fo 
the optical axis. The condenser is adjusted to 
bring, these foci into the plane 00' in which the 
object is supported by the stage 23 of the micro- 
scope. 
The two beams èmerging from the objective 
pass through a second double image prism which 
causes them to combine so that they are brought 
to a focus at coincident points. As in the pre- 
viously described embodiment, the viewing means 
must include, an analyser 25 which in this case 
is illustrated as a polarizing screen disposed im- 
mediately over the eye-piece. Phase adjustment 
is provided as belote, for example, by means of 
the Soleil-Babinet compensator |9. A pair of 
collirnating lenses 26, 27 may be provided in the 
positions shown if required. 
A Wollaston ,prism deviates both beams and 
so introduces dispersion. This is corrected for 
by the additional prisms 27@ shown in dotted 
lines which are ruade from a glass whose dis- 
persion is suitably high and which are cemented 
to the double image prisms. With these prisms 
added one of the coplanar foci would be located 
substantially on the optical axis of the micro- 
scope as shown in the drawing. 
On the other hand, a Rochon variety of double 
image prism might be used. This form of prism 
is achromatic for one beam, namely, for the beam 
which does not deviate and hence if requires 
no.chromatic correction but the large phase dif- 
ference which it introduces (since only one of 
its elements is substantially double refracting) 
must be balanced out. The preferred means for 
this. purpose is a birefringent plate ruade from 
the sarne material as that of the double refract- 
flïg ¢lCent of the prism but orientated so that 
its relative retarding effect opposes that of the 
said element, the plate being ruade about the 
san_e thickness as that of the double refracting 
element of the prism in the region of the optical 
axis of the microscope. This phase balancing 
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plate can conveniently be cemented to one of the 
exposed surfaces of the prism. 
As is well known, there are double image prisms 
simflar to the Rochon prism in so far as only 
5 one of the two prismatic elements is double re- 
fracting but the element which is not double 
refracting is ruade of glass. Such prisms may 
readily be adap,ted to the present forms if the 
glass e]ement is designed to achromatize the 
50 other double refracting element for one of the 
two beams. 
The angle of the prismatic elements, of what- 
ever form of double image prism is nsed, will 
depend on the strength of the birefringence of 
] the materia] emp]oyed and upon the angular 
field ,over which the condenser and objective 
retain their correction. If the prism is a Rochon 
prism ruade from calcite (the preferred materiaD 
a convenient angle may be in the region of 6 
0 degrees for the prism associated with the objec- 
tive. Once tle angle for the objective part bas 
been decided upon, that for the prism associated 
with the condenser can be computed from the 
known focal length re]ationship between the 
5 objective and the condenser. Only if the focal 
lengths of these lenses be equal can the angles 
of the corresponding prisms be equaL For ex- 
ample, ff the focal length of the condenser is 
twice that of the objective, then the angles of 
20 the prism associated with the condenser must 
be such as to produce hall the angular deviation 
of that produced by the objective prism. In 
general, the angles of the prism must be such 
that their angular deviations are proportional 
z5 to the dioptric powers of the objective and con- 
denser with which they are respectlvely asso- 
ciated. 
If it is found desirable to be able to view the 
object with either of the two beams chromatic 
40 correction to the prisms shou]d be provided for 
both beams. This may be achieved by making 
the correcting prismatic e]ement from birefrin- 
gent material whose birefringent dispersion dif- 
fers substantially from that of the double re- 
45 fracting e]ement or e!ements in the prism. For 
example, the element or elements in the prism 
might be ruade from quartz while the correcting 
element is ruade of calcite. In Figure 3, there 
is illustrated a unit which is substantially achro- 
50 matic for both beams, functioning on the selec- 
rive total refiection principle which is met with 
in the Nicol's po]arizing prism. The iliuminat- 
ing beam which is polarized by means of the 
polarizer 3| is directed upon a calcite air surface 
55 32 af an angle which is greater than the critical 
angle for one of the two plane polarized beams 
into which the calcite divides the initia] beam 
but less than the critical angle for the other 
beam. A surface mirror 33 is momted in close 
60 proximity to the aforementioned ca]cite air sur- 
face but slightly inclined fo this surface so that 
the beam which is transmitted throug'h the calcite 
air surface is refiected back into the calcite after 
which if proceeds in the saine general direction 
C5 as the totally reflected beam but slightly diver- 
gent therefrom. Since this is a reflecfiing unit, 
if may convenient]y be mounted immediately over. 
the microscope's mirror |3 whose function if 
would thus replace. A similar unit wou]d be 
70 mounted above the objective to combine the 
beams and would be associated with an addit/onal 
refiecting system fo direct the combined beams 
up the tube of the microscope. This form of unit 
is special]y adaptable fo the vertical illumination 
75 form of the microscope which wfll be described 



2,601»175 

below for it may perform the function of the ver- 
tical illuminator as well as that of the beam 
dividing and combining means. A further fea- 
ture of the unit, which is also particularly ap- 
plicable to a microscope with a vertical illumina- 
tor, is that the inclined surface mirror may be 
ruade tiltable so that the amount of an2lar 
deviation may be controlled. Like the lochon 
form of prism, this unit introduces a large phase 
difference between the two beams which may be 
balanced out by means of a birefringent plate or 
plates, although in the case of the first mentioned 
variable form, a wide range of birefringent com- 
pensator would bave fo be employed so that the 
phase relationship could be kept constant when 
the plate bas been tilted. The calcite air sur- 
face in the unit illustrated in Figure 3 is formed 
by cementing a rhin calcite plate 34 to a suitably 
shaped glass prism 35 and in the case of the non- 
variable form, the thickness of the plate 34 could 
be such as to balance out the excessive phase dif- 
ference. In this latter case, the plate would 
have tobe of substantial thickness. 
Another means of obtaining variable deviation 
between the two beams consists in making each 
of the dividing and combining parts comprise a 
pair of double refracting double image prisms 
mounted one above the other so that their devia- 
tions are in opposition. Then, by providing a 
rocking movement for at least one of the prisms, 
the deviation could be varied. Even in the non- 
variable form which is illustrated in Figure 2, it 
is preferab]e to mourir at least one of the prisms, 
so that it may be rocked in order fo facilitate the 
optical matching of the parts for the objective 
and condenser with which they are associated. 
It will be appreciated that it would be possible 
to make the two beams so widely spaced in a 
plane transverse fo the optical axis that separate 
objective and condenser lenses could be used for 
each beam. If the beams bave been so separated 
they can be deviated, for example by prisms, fo 
increase the separation and thus an instrument 
can be constructed having litt]e or no restriction 
on the linear dimensions and form of the object 
under examination. 
However, itis hot essential for the two beams 
tobe separated so that on]y one passes through 
the object being examined. If the two beams 
are slightly separated corresponding parts of the 
beams will pass through different parts of the 
object and thus be subject to different phas 
shifts and hence interference effects would be 
produced. 
In the arrangement i!lustrated in Figure 2, the 
phase adjustment between the two beams is 
îected by means of a Soleil-Babinet compensa- 
tor. As bas been described with reference fo 
Figure 1, a tilting Berek plate compensator 
might be emp]oyed for this purpose. This phase 
adjustment may also be ruade by providing a slid- 
ing horizontal movement fo one of the double re- 
fracting double flnage prisms, the movement be- 
ing parallel fo the principal section of the prisms. 
If this method, which eliminates the ecessity 
for a separate compensator, is adopted the prism 
must be larger than the diameter of the aperture 
with which it is associated. Whatever ïorm of 
phase adjuster is employed if is recommended 
that if be ca]ibrated, for example, in terres of 
optical path length. 
If may be round that, when high power ob- 
jectives are used fo examine thick objects, the 
interïerence contrast is impaired owing to the 
object modiïying the corrections of the objective 

for the beam which has passed through if, since 
the object is equivalent to a change in cover glass 
thickness. In the embodiments illustrated in 
both Figures 1 and 2, both beams pass through 
5 the objective so that it may be necessary to ad- 
just its corrections for one beam in a different 
rnanner from the other bearn. This adjustment 
is quite apart from the aforelnentioned phase ad- 
justment and the preferred method of effectlng 
10 if consists in providing an additional lens or 
lenses ruade from birefringent materlal so that 
the dioptric states of the two plane polarlsed 
beams are altered to different extents. Varia- 
tions in this correction could be effected by pro- 
15 viding means for s]iding the additional lens or 
lenses relative to the objective along the axis. of 
the microscope. If the additional correcting part 
consists of more than one lens these could be 
moved towards or away from one another. It 
20 will be appreciated that this method of correc- 
tion can be applied only when the two beams are 
polarised in mutually perpendicular planes, as is 
the case in the arrangements illustrated in Fig- 
ures 1 and .. 
25 In the case of systems such as that illustrated 
in Figure 2, if may be found that the visual fleld 
is crossed by a series of interference bands due 
fo the two beams passing through the condenser 
and objective in different directions. If thi 
20 effect is found objectionable it can be el'nninated 
by means of a quartz wedge of suitable anle 
mounted, for example in the occular as is coin- 
mon practice with po]arising microscopes. Such 
a wedge may be arranged to slide horizontally 
5 to perform the additional function of adJusting 
the overall phase relationship between the two 
beams. 
As bas been indicated above, the microscope of 
Figure 2 can be modified into a refiex version such 
40 as is illustrated in Figure 4. The light from the 
source f4 passes through a polarisilg screen f§ 
and a collimator lens 2 (if required) to a par- 
tially refiecting surface 35 which forms a vertical 
illuminator. The prism 3 produces the required 
4 two beams as before which are then focussed in 
the plane 5' by the objective f, the object to be 
examined being situated at one of the foci. The 
light thon passes through the condenser lens f! 
to a reflecting surface 3. The condenser lens is 
5O adjusted so that it forms an image of the object 
on or near the mirror whose surface is substan- 
tially normal to the incident beams. As a re- 
sult of this arrangement the beams are reflected 
back fo the object through the condenser and 
55 pass through the objective fo form the real image 
of the object in the image plane of the objective, 
This is viewed as before by means of the eye- 
piece  and analyser 5. In this arrangement 
if is hot necessary fo make the prism rockable for 
0 matching purposes since the single prism  
serres he double function of dividing and com- 
bining the beams. However, it may be slvan- 
tageous to mourir the prism (which is between 
the objective and the vertical illuminator) at a 
5 small angle of inclination to the opical axis of 
the microscope so as to divert refiections from 
its surfaces away from the image of the object. 
For the present purpose these reflex systems 
bave the advantage over the direct transmission 
70 forms in that the beam dividing unit, located 
between the vertical illumination and the objec- 
tive, also performs the function of beam recom- 
bination. However, the ïocussing of the con- 
denser is made almost as delicate as that of the 
75 microscope body. This disadvantage can be 
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overcome by providing a focussing stage so that 
once the condenser has been correctly focussed, 
the objectcan be focussed without disturbing the 
condenser. 
For convenience and neatness itis desirable 
that the mirror 38 should bemounted in the sub- 
stage e. g. immediately over the usual microscope 
mirror. The usual microscope mirror might be 
adapted for the present purpose so dispensing 
with the need of an additional mirror. However, 
corrected condensers are usually corrected for a 
distance far in excess of that required for either 
of these arrangements and it becomes necessary 
to provide an additional lens or lenses fo effect 
the required change in the correction of the con- 
denser. Alternatively, a condenser provided with 
a correction collar may be employed. The effec- 
tive focal length of the mirror should be ruade 
approximately equal fo ifs distance from the back 
focal plane of the condenser. Ideally, a special 
concave mirror should be provided whose radius 
of curvature is about the saine as the distance 
of the mirror from the aforesaid back focal plane. 
The required focal len, gth may be obtained by 
mounting a lens or lenses immediately above, for 
example, a plane mirror but if will be appreciated 
that surface mirrors are preferable. In all these 
reflex forms of microscope, if is proposed that the 
effective area of the light source be kept small 
relative fo the field of vision in the occu]ar in 
order fo minimize tiare caused by reflections from 
the several reflecting surfaces. 
In this arrangement, phase adjustment may be 
effected in the saine way as bas been described 
with reference to Figure 2 e. g. by s]iding the 
prism 37 in a plane transverse to the optical axis 
of the microscope or by a separate compensator 
such as the Soleil-Babinet compensator 9 
(shown in Figure 4) or a tilting birefringent re- 
tarding plate compensator. Coarse phase ad- 
justment could be effected by rocking the beam. 
returning mirror 38. 
There is fllustrated in Figure 5, a modification 
of the arrangement of Figure 4, in which the 
single prism 37 is replaced by a pair of prisms 
38, 39, which are arranged so that their devia- 
tions are in opposition. One of the prisms is 
mounted so that if can be rocked. In this reflex 
vin-sion, the beam dividing and combining are 
performed by the saine components and the rock- 
ing of the prism is hot for matching purposes (as 
was mentioned with reference to Figure 2) but 
fo enable the separation of the bea,ms to be made 
variable,  
In all the arrangements hereinbefore described, 
it is preferred that the beam dividing and com- 
bining means should be mounted in slides so as 
fo facflitate obtaining the required accuracy of 
orientation. This is particularly the case when 
these dividing and combining means are separate, 
as for example, in Figures 1 and 2. If these 
dividing and combining means are fltted into the 
mountings of the condenser and objective it is 
desi.rable to mount the objective and condenser 
on slides. 
It wfll be appreciated that the two basic ar- 
rangements filustrated in Figures 2 and 4 provide 
different means for separating the two images of 
the light source, in one arrangement the sepa- 
ration being along the axis oî the microscope and 
in the other case in a plane transverse to the axis. 
By using both birefringent lenses and double 
refracting double image prisms if is possible to 
form the images of the light source af separate 
points, which are neither co-axial nor co-planar. 

Many other methods may be employed fo divide 
and recombine the two beams. For example, one 
form of dividing and combining device which 
may be employed is a diffraction grating or zone 
5 plate. Such a device gives fise fo a number of 
diffracted beams but for the purpose of the present 
invention these may be regarded as one beam 
since they can be caused to pass round the outer 
boundary of a small object. The central un- 
10 diffracted beam is arranged to pass through the 
object and one or more of the diffracted beams 
which pass around the object are directed back 
to the central beam by means of a second grat- 
in which functions as a combining devici. Phase 
15 adjustment is more difiicult with the grating or 
zone plates than with the systems previously de- 
scribed but may be facilitated by providing means 
for polarizing the central undiffracted beams in 
a plane perpendicular fo that of the diffracted 
20 beams before the object is reached so that their 
phase relationship could be controlled by bire- 
fringent retarding plates or birefringent compen- 
sators. This might be done by making the grat- 
ing of birefringent material. For xample, a plate 
2.5 of calcite, cemented to a glass plate, could be 
ground do»vn 4o an extent such that it introduces 
a phase difference of about hall a period between 
its ordinary and extraordinary components. The 
calcite plate would then be converted into a dif- 
3o fraction grating or zone plate by etching away 
alternate strips or concentric circlis by mians of 
an etchant which erodes only the calcite and not 
the glass or cernent. The surface of the grating 
or zone plate would then be imlnersed in a fluid 
35 or cernent whose index of refraction is as near 
as possible to that of one of the two principal 
indices of the calcite. This fluid or cernent would 
in turn be covered and contained by a plate of 
glass. The resulting device would be substan- 
4o tially equivalent to a plain glass plate for one of 
the plane polarised components of the calcite but 
would be a hall wave grating (or zone plate) for 
the other comportent. Now, it is known that an 
ordinary half-wave grating concentrates prac- 
45 tically all the light into the diffracted beams so 
that there is almost no light in the central un- 
diffracted beam. In consequence the present de- 
vice will provide a central beam polarised in one 
plane and diffracted beams polarised in a plane 
pelïendicular fo that of the central beam. Hence 
50 the phase relation between the two beams can be 
adjusted by a birefringent compensator as in 
the double refracting interferometer microscopes 
described above. 
Yet a further method of dividing and recoin- 
55 
bining the beam is employed in the microscope 
illustrated in Figure 6. The objective , con- 
denser , eye-piece 2, sub-stage mirror 3 and 
light source 4 are again arranged in the con- 
ventional manner and collimating lenses 2 and 
6o 
27 may be provided as in the arrangements de- 
scribed above. The beam dividing means 4{} and 
the beam combining means 4 are similar and 
are each provided with an internal partially 
65 fiecting conical surface 42 and a second reflecting 
conical surface 3 so that an incident beam fall- 
ing on the outer part of the beam dividing means 
 is divided into a central beam and an outer 
surrounding beam. If may be noted that incident 
70 light falling on the inner part of the device wfll 
be totally reflected from the inner side of surface 
3 and will bave no effect. The lenses 
each comprise an inner lens for the central beam 
and. an annular lens for the outer beam. The 
75 inner beam is thus brought fo a focus on the 
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ject plane G0' whilst the outer beam is focussed 
ata point spaced axially away from the object 
plane. The two beams are combined by the com- 
birfing device 4 so that coincident images of the 
light source are formed which are viewed through 
eye-piece I-, the interference effects between the 
two beams being obtained as belote. The lenses 
44 and 48 may be omitted in which case both the 
beams wfll be brought to one and the saine focus 
in the plane oÏ the object but wfll pass through 
the object at different mean anglei. The path 
lengths of the two beams through the object will 
thus differ and no interference effects will be 
produced as belote. 
If will be appreciated that it is hot eisential 
that the inner beam be circula1, and the outer an- 
nutar so long as one beam surroundi the other. 
The outer beam may comprise a number of sepa- 
rate parts. Thus the reflecting surfaces 2 and 
3 could be pyramidal instead of conical. 
Since this system does hot use polarised light 
beami, phase adjustment of the two beams can- 
hOt be effected by the compensators previouily 
deicribed and instead there may be used a rock- 
ing plate G (as with the Jamin compensator) or 
a oliding wedge. As with the previoui]y described 
compeniators these would preferably be calibrated 
in terres of optical path length. 
As is illustrated in Figure 7, the arrangement 
of Figure 6, may be modified to a form with ver- 
tical illumination by using a vertical illuminator 
40 fo direct the incident beam of light through a 
single beam dividing means ,7 which also func- 
tions as the beam combining meani (ai in the 
microscope of Figure 4). The two beams pass 
through the double lens 
and are brought to foci sepaately af points spaced 
axially. The object is supported at one of these 
foci in the plane [. The two beams continue 
through the condenser Il, double lens 44 and 
collimator 27 which bring them fo a focus on the 
mirror 4G. This mirror is arranged fo reflect the 
beams back along the saine paths so that they are 
again brought to a focus separately at the saine 
two axially spaced points. The device 4 com- 
bines the two beams and focusses them to form 
coincident images of the light source which are 
viewed through the eye-piece 12, interference ef- 
fects being observed as before. For phase ad- 
Justment there is provided a rockable plate 
having an inner part SI for ïetarding the inner 
beam and outer part 52 for retarding the outer 
beam. 
The double lenses 4 and 45 may be ïemoved 
when it is desired to use the microscope as a 
difference oÏ path length systems in Che sam 
manner as bas been described with reference to 
Figure 6. 
In Figure 8 there is shown another nïethod of 
producing two co-planar irnagei of the light 
source. In this case, use is ruade of refiections 
fom the two surfaces of a wedge l to separate 
the light ino two beams and a simflar wedge 
is used for recombining the beams. Two pïisms 
85 and 84 are used as total reflectoïs in oïder to 
bring the combined beam back to the tube of hs 
microscope. The wedge 
rder to enab!e adjustment of the phase relaion- 
ship between the beams to be effected. 
Thii irrangement ray also be modified into 
"reflex" system as is shown in Figure 9. In this 
case the wedge  acts as the partially reflectin 
surface ai well ai forming the bearn dividing de- 
vice. The light passes through the objective 
and condenser I I to he nîirror 3 and is reflected 
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back as in the previouÇly described vertical il- 
lumination systems so that the beams are 
brought fo a focus by the condenser Il at the 
saine spaced points as they are brought ço a 
5 focus by the objective 13. In this arrangement 
fhe wedge 5 does hot function fo recombine the 
beams and a second wedge 5 is provided for thi 
purpose. 
Yet a further foire of beam dividing means is 
] 0 illuitïaed in Figure 10. In this case uie is ruade 
of the païtialiy reflectig internal surface 
between two prismaic elements l, ." which are 
cemented together. The refiected light passes 
through the objective iii and condenser Il to the 
15 mirror 63 whilst the transmitted light passes 
Chrough the positive lens 64 to the ïeflecting sur- 
face 65. The two beams return by the saine paths 
and are combined by the prismatic elements 
6- in a manner which is obvious from the figure. 
'20  ïn this arrangement, a rocking plate G is pro- 
vided fo effect fine phase adjustment, the coarse 
adjustmen being ruade by movement of the 
mirror 
As bas been mentioned above, when high power 
OE.5 objectives ari uied to examine thick objects, the 
inerference contrast may be impaired owing to 
he object modifying the correctioni of the ob- 
jective foï Che beam which bas passed through 
it ind so it becornes necessary to adjust the 
30 com-ection of the objective for one beam in a 
different manner from the other. In the 
rangements described with reference to Figur¢ 
11 and 12 only one beam passes through the ob- 
jective and this correction can readily be ruade 
:.5 by fltting the condenser with a correction collar. 
Although in moit of he arringements de- 
scribid above, the beam dividing and combining 
means are closely associated with the objective 
or objective and condenser this il not is- 
i0 sential for carrying out the invention. For 
example, in he arrangements described with 
refeïence o Figures 1 and 2, the combin- 
ing double image priirn m" birefringent 
lens might be mounted close to or imme- 
45 diately above the eye-piece. Ideally the com- 
bining rneans should be located at a real image 
of the dividing meani. If mounted immediately 
above the eye-piece, in or near the amsden 
circle, a polarizing screen should be used as 
50 analyser so that the eye may De placed as near 
to the amsden circle ai possible. 
ïl, as for example, in the instruments illus- 
trated in Figures 1, 2, 4 and 5, two polarised 
beams are employed, it is essential that the il- 
55 luminating bea.m should be iane polarized and 
that there be an analyser between the last bire- 
fïingent element and the eye, viewing screen oi 
photographic emu]sion. 
I claire: 
0 1. in combination with a compound micro- 
scope comprisin.g i combination rneans for up- 
porting an object at an object position, means 
for pïoviding a beam of rays of ligh Ïor fllumi- 
naing the object, a condenser for concentraing 
5 the beam on fo the object position, an objective 
focusscd on ¢o the object position for receiving 
the beam after it hs left the object position and 
producing an en!arged rem image of the object, 
and means ïor viewing the image, ray-dividing 
ïO means, situated in the path of the beam belote 
if reaches the object position, for dividing each 
ray in the beam inl;o ai least two coherent coin.- 
portent rays and directing said two composent 
rays along mutually different paths within the 
75 beam, and 'ay-combining means, situated in the 
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path of the beam after it has left the object posi- 
tion, for directing said two component rays along 
colinear coincidental paths in the beam, which 
ray-combining means comprises a member which 
presents mutually different optical path lengths 
to said two comportent rays, the difference be- 
tween the optical path lengths presented fo said 
two comportent rays being different from the cor- 
responding mutual differences between the opti- 
cal path lengths presented by said member to 
other pairs of coherent comportent rays derived 
from other rays in the beam, whereby when a 
transparent object to be examined and compris- 
ing portions having mutually different optical 
thicknesses is supported at the object position 
the image exhibits coincidentally viewable inter- 
ference effects corresponding fo the said por- 
tions of the object and resulting ïrom the modi- 
fication by the object of the relationship between 
the path lengths of at least one pair of the said 
mutually coherent component rays. 
.. In combination with a compound micro- 
scope comprising in combination means for sup- 
porting an object at an object position, means 
for providing a beam of rays of light for illumi- 
nating the object, a condenser for concentrating 
the beam on fo the object position, an objective 
focussed on to the object position for receiving 
the beam after it has left the object position and 
producing an enlarged real image of the object, 
and means for viewing the image, ray-dividing 
means, situated in the path of the beam belote 
it reaches the object position, for dividing each 
ray in the beam into at least two coherent com- 
ponent rays and directing said two component 
rays along mutually different geometrically dis- 
tinguishable paths within the beam, and ray- 
combining means, situated in the path of the 
beam. after it bas left the object position, for 
directing said two comportent rays aloig colinear 
coincidental paths in the beam, which ray-divid- 
ing means and ray-combining means each com- 
prise a member having light-transmitting sur- 
faces af at least one of which the said ray-divi- 
sion and ray-combination is effected, and which 
presents mutually different optical path lengths 
fo said two comportent rays, the difference 
tween the optical path lengths presented fo said 
two comportent rays being different from the cor- 
responding mutual differences between the opti- 
cal path lengths presented by said member to 
other pairs of coherent component rays derived 
from other rays in the beam, whereby when a 
transparent object tobe examined and compris- 
ing portions having mutually different optical 
thicknesses is supported af the object position 
the image exhibits coincidentally viewable inter- 
ference effects correspondinç to the said portions 
of the object and resulting from the modification 
by the object of the relationship between the 
path lengths of af least one pair of the said 
mutually coherent comportent rays. 
3. In combination with a compound micro- 
scope comprising in combination means for sup- 
porting an object at an object position, means 
for providing a beam of rays of light for illumi- 
nating the object, a condenser for concentratin 
the beam on fo tl]e object position, an objective 
focussed on to the object position for receivin 
thebeam after it has left the object position and 
producing an enlargcd real image of the object, 
and means for viewing the image, ray-dividing 
means, situated in the path of the beam belote 
it reaches the object position, for dividing each 
ray in the beam into at least two coherent coin- 
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ponent rays and directing said two component 
rays along mutually different paths within the 
beam, and ray-combining means, situated in the 
path oî the beam after it bas left the object posi- 
5 tion, for directing said two comportent rays along 
colinear coincidental paths in the beam, which 
ray-dividing means and ray-combining means 
each comprises a member which presents mutu- 
ally different optical path lengths fo said two 
10 comportent rays, the difference between the opti- 
cal path lengths presented to said two comportent 
rays being different from the corresponding 
mutual differences between the optical path 
lengths presented by said member to other pairs 
15 of coherent comportent rays derived from other 
rays in the beam, whereby when a transparent 
object tobe examined and comprising portions 
having mutually different optical thicknesses is 
supported at the object position the image exhib- 
20 its coincidentally viewable interference effects 
corresponding fo the said portions of the object 
and resulting from the modification by the object 
of the relationship between the path lengths of 
at least one pair of the said mutually coherent 
5 comportent rays. 
4. A combination according fo claim 3, wherein 
the algebraic sum of the differences between the 
optical path lengths presented by the ray-divid- 
ing means and ray-combining means to each 
30 said pair of coherent comportent rays in the 
beam is the same for the pairs of comportent 
coherent rays derived from substantially all the 
rays in the beam, whereby in the absence of an 
object each pair of coherent comportent rays has 
»5 the saine mutual phase relationship as the other 
pairs of coherent component rays on leaving the 
ray-combining means. 
5. A combination according to claim 3, wherein 
the condenser and the objective are constituted 
40 by one and the saine lens system, wherein the 
ray-dividing means and ray-combining means 
are constituted by a single means, and which 
combination also comprises refiecting means sit- 
uated in the path of the beam, after it bas left 
45 the object position for directing the beam back 
fo the said lens system, and a vertical illumina- 
tor situated in the path of the beam, between the 
beam-providing means and the said lens system, 
for directing the beam from the beam-providing 
50 means on fo the said lens system while permit- 
ring the beam to pass the vertical flluminator to 
the image-viewing means. 
6. A combination according to claim 5, wherein 
the vertical illuminator comprises transparent 
55 refiecting means. 
7. In combination with a compound micro- 
scope comprising in combination means for sup- 
porting an object at an object position, means for 
providing a beam of rays of light for illuminating 
0 the object, a condenser for concentrating the 
beam on to the object position, an objective fo- 
cussed on to the object position for receiving the 
beam after it bas left the object position and 
producing an enlarged real image of the object, 
C5 and means for viewing the image, polarising 
means situated in the path of the beam before it 
reaches the object position, ray-dividing means, 
situated in the path of the beam between the po- 
larising means and the object position, for divid- 
îo ing each ray in the beam into two coherent 
comportent rays and directing said two com- 
portent rays along mutually different paths with- 
in the beam, birefringent ray-combining means, 
situated in the path of the beam after it has 
75 left the object position, for directing, by double 
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reïraction, said two component rays along 
colineaç coincidental paths in the beam, and 
analysing means situated in the path of the 
beam after it bas left the ray-combining means, 
îor analysing the vibrations of the said compon- 
ent rays on a common azimuth, which ray-com- 
bining means comprises a birefringent member 
which by virtue of ifs birefringence presents 
mutually different optical path lengths to said 
two comportent rays, the difference between the 
optical path lengths presented to said two com- 
portent rays being different from the corre- 
sponding mutual differences between the optical 
path lengths presented by said member to other 
pairs of coherent componentrays derived from 
other rays in the beam, whereby whe:q a ï.rans- 
parent object fo be examined and comprising 
portions having mutually different optical thick- 
nesses is supported at the object position the im- 
age exhibits coincidentally viewable interference 
effects corresponding to the said portions of the 
 object and resulting from the modification by 
the object of the relationship between the path 
lengths of af least one pair of the said mutually 
coherent comportent rays. 
8. In combination with a compound micro- 
scope comprising in combination means for 
supporting an object af an object position, 
means for providing a beam of rays of 
light for flluminating the object, a condenser 
for concentrating the beam on to the object 
position, an objective focussed on to the object 
position for receiving the beam after it has left 
the object position and producing an enlarged 
real image of the object, and means for view- 
ing the image, polarising means situated in the 
path of the beam belote it reaches the object 
position, direct light transmitting birefringent 
ray-dividing means, situated in the path of the 
beam between the polarising means and the 
object position, for dividing, by double-refrac- 
tion, each ray in the beam into two coherent 
component rays and directing said two com- 
ponent rays along mutually different paths with- 
in the beam, direct light transmitting birefring- 
ent ray-combining means, situated in the path 
of the beam after it bas left the object posi- 
tion, for directing, by double-refraction, said 
two component rays along colinear coincidental 
pats in the beam, and analysing means situ- 
ated in the path of the beam after it bas left 
the ray-combining means, for analysing the vi- 
brations of the said component rays on a coin- 
mon azimuth, which ray-dividing means and 
ray-combining means each comprises a bire- 
fringent member which by virtue of its bire- 
fringence presents mutually different optical 
path lengths to said two component rays, the 
difference between the optical path lengths pre- 
sented to said two comportent rays being dif- 
ferent from the corresponding mutual differ- 
ences between the optical path lengths presented 
by said member to other pairs of coherent com- 
ponent rays derived from other rays in the 
beam, whereby when a transparent object fo 
be examined and comprising portions having 
mutually different optical thicknesses is sup- 
ported af the object position the image exhibits 
coincidentally viewab!e interference effects cor- 
responding fo the said portions of the object 
and resulting from the modification by the ob- 
ject of the relationship between the path lengths 
of at least one pair of the said mutual!y co- 
herent comportent rays. 

9. A combination according to claim 8, where- 
in the algebraic sv_m of the differences between 
the optical path lengths presented by the ray- 
dividing means and ray-combining means fo 
5 each said pair of coherent component rays in the 
beam is the saine for the pairs of component 
coherent rays derived from substantially all the 
rays in the beam, whereby in the absence of 
an object each pair of coherent component rays 
i0 has the saine mutual phase relationship as the 
other pairs of coherent component rays on leav- 
ing the ray-combining means. 
10. A combination according fo claire 9, 
wherein at least one birefringent member is 
]5 situated in the path of the beam between the 
polariser and the analyser, which member is 
adjustable to vary the mutual optical path 
length relationship between two coherent com- 
ponent rays. 
:',0 11. A combination according fo claire 8, 
wherein the birefringent ray-dividing means 
and the birefringent ray-combining means each 
comprise a birefringent member having mutual- 
ly different dioptric powers with respect to the 
25 said two coherent comportent rays, by virtue 
of its birefringence. 
12. A combination according to claire 11, 
wherein the said biïefringent members each 
comprise a birefringent lens having two mutu- 
3o alty different focal lengths by virtue of its bire- 
fringence. 
13. A combination according to claire 8, 
wherein the birefringent ray-dividing means and 
the birefringent ray-combining means each 
:5 comprises a birefringent member having an op- 
tical birefringent thickness which varies sym- 
metrics21y in each of all the planes intersecting 
in one selected axis of the member. 
14. A combination according to claire S, 
o wherein the birefringent ray-dividing means 
and the birefringent ray-combining means each 
comprises a birefringent prism having two 
mutually different ray-deviating powers with re- 
spect to the said two coherent component rays, 
45 by virtue of ifs birefringence. 
15. A combination according fo claire 8, 
wherein the condenser and the objective are 
constituted by one and the saine lens system, 
wherein the ray-dividing means and ray-com- 
5o bining means are constituted by a single means, 
and which combination also comprises reflect- 
ing means situated in the path of the beam, after 
it bas left the object position, for directing the 
beam back to the said lens system, and a ver- 
55 tica! illuminator situated in the path of the 
beam, between the beam-providing means and 
the said lens system, for directing the beam 
from the beam-providing means on to the said 
lens system while permitting the beam to pass 
G the vertical flluminator to the image-viewing 
meas. 
16. A combination according to claire 15, 
wherein the vertical illuminator comprises trans- 
parent reflecting means. 
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